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(S) Expandable graphite compositions for absorption of liquids and method for the manufacture thereof. 

(57) The invention relates to a novel structural form of expanded graphite which possesses a relatively 
high bulk density is disclosed. This expanded graphite is obtained by treating a natural graphite with a 
mixture of nitric acid and sulfuric acid, washing the treated graphite by an aqueous solution containing 
magnesium ions, followed by a thermal treatment at a temperature of above 1200*C. A preferred 
aqueous solution to be used in said washing will contain magnesium sulfate, the resulted product 
having a pH in the range of 6.5 to 6.9. A preferred thermal treatment is in a flame resulted from a mixture 
of butane and oxygen. In this manner, the expanded graphite will be produced in-situ near the 
envisaged area for its use, being spread thereon by the combustion gases. The novel structural form of 
expanded graphite has the property to absorb relatively large amounts of liquid materials, such as 
petroleum products and strong mineral acids. 
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The present invention relates to a novel structural form of expanded graphite. More particularly, the in- 
vention relates to a novel structural form of expanded graphite absorbing large amounts of liquid materials and 
possesses improved properties of storage and transport. 

5 BACKGROUND OF THE INVENTION 

Expanded graphite is well known as an absorbing agent for petroleum products from water media. Thus, 
according to the U.S. patent number 3,357,929, a vermicular expanded graphite is claimed as a sorption agent 
of liquid materials, including acetone, kerosene, etc. The expanded graphite is obtained from flake graphite 
10 treated with a mixture of concentrated sulfuric and nitric acids and heated at a temperature of about 1000°C. 
One of the advantages of the vermicular expanded graphite as a solid sorption agent is that it is easily com- 
pressed under relatively low pressure, being not friable, and thus by simply compressing the expanded graphite 
it is capable of releasing the sorbed liquid in an uncontaminated manner. 

According to C.A:110, 159373k, expanded graphite is produced by treating powder graphite with an ex- 
15 panding agent and further subjected to an electromagnetically induced heat treatment to expand the formed 
intercalation graphite compound. 

In our previous U.S. Patent just granted a particular structure of expanded graphite was described. The 
expanded graphite was characterized by the following specific properties: 

- a specific density in the range of 3 to 100 g/l; 
20 - a surface area in the range of 3% to 20%; and 

- closed pores of the particles in the range of 3% to 20%. 

Due to the above properties and especially to the low range of closed pores, the expanded graphite was 
found to absorb relatively large amounts of petroleum products. 

It is known that the absoiption capacity of expanded graphite depends on its bulk density; a lower bulk 
25 density will possess a higher absorption capacity. 

One of the main disadvantage of the known expanded and/or vermicular graphite to be used as an absor- 
bent for petroleum products, is its low bulk density and accordingly large volume of material is necessary, which 
requires a large number of haulage workers in addition to the environmental problems. Thus for instance, in 
the above U.S. patent the bulk density is in the range of 2 to 10 g/l, which is indeed very low and will cause 
30 severe problems in its storage and transportation. Particularly, in these days, when the environmental de- 
mands are more and more stringent, the above disadvantage might avoid its use for absorption of petroleum 
products. It is now universally recognized that inhalation of certain dusts of graphite is detrimental to health 
and may lead to reticulation of the lungs and eventually to fatal diseases included under the term pneumoco- 
niosis. 

35 It is an object of the present invention to provide a novel structural form of expanded graphite. It is another 

object of the present invention, to provide a novel structural form of expanded graphite which possesses a rel- 
atively high bulk density. It is yet another object of the present invention, to provide a novel structural form of 
expanded graphite which possesses the property of absorbing large amounts of liquid material. It is a further 
object of the present invention to provide a novel structural form of expanded graphite which may be produced 

40 at-site thus avoiding problems of storage and transportation. 

BRIEF DESCRIPTION OF THE INVENTION 

According to a first aspect, the invention relates to a novel structural form of expanded graphite which pos- 
45 sesses a relatively high bulk density, and contains magnesium ions, which may be prepared by a process com- 
prising the steps of: 

(a) treating a natural graphite with a mixture of concentrated solutions of nitric acid and sulfuric acid; 

(b) washing the treated graphite by an aqueous solution containing magnesium ions; and 

(c) expanding the treated graphite resulted in step (b) by a thermal treatment at a temperature of above 
50 1200°C. 

The expanded graphite produced has a high bulk density which is much superior to that of known expanded 
graphite so that no storage and transport ecological problems are involved. It was surprisingly found that the 
product obtained containing a magnesium ion, in spite of its higher bulk density, has a higher absorption ca- 
pacity of liquid materials than the expanded graphite described in the prior art. Among th liquid materials 
55 which can be absorbed by the novel structural form of expanded graphite the following are mentioned: petro- 
leum products, strong mineral acids and organic compounds dissolved in solutions of petrol urn derivatives. 

According to a preferred feature, the expanded graphite of the invention has a content in magnesium ions 
of at least 3% and preferably is ranging between 3% and 30% expressed in weight of magnesium ions with 
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regard to the weight of expanded graphite. 

Furthermore, according to another advantageous feature, the bulk density of the expanded graphite of 
the invention is of at least 3g/ml. This bulk density of at least 3g/ml does constitute a relatively high bulk density 
from which the advantages of the invention are obtained. From this lower limit, the bulk density may vary in 
5 large limits. Accordingly, there is no critical upper limit. 

According to another particuler embodiment, in step (a), the volume ratio between the acids is between 
4 sulfuric acid to 1 nitric acid. 

According to another particular embodiment, in step (b), said washing is carried out by a solution of mag- 
nesium ions, preferably magnesium sulfate, most preferably in a concentration range of 10% to 35% by weight. 
w According to a preferred feature, after washing, the treated graphite has a pH in the range of 6.5 to 6.9. 

According to a further preferred embodiment, in step (c), the thermal treatment is carried out at a tem- 
perature of about 1600°C. 

According to another specific preferred embodiment, the thermal treatment is carried out in a flame re- 
sulting from a mixture of oxygen and butane. Preferably, the expanded graphite is produced in-situ near the 
15 envisaged area for its direct use. Most preferably, said expanded graphite is spread by the combustion gases 
onto the desired surface containing the liquid to be absorbed 

According to a second aspect, the invention relates to a process of preparation of expanded graphite having 
a relatively high bulk density and containing magnesium ions, comprising the steps of: 

(a) treating a natural graphite with a mixture of concentrate solutions of nitric acid and sulfuric acid t 
20 (b) washing the treated graphite by an aqueous solution containing magnesium ions, and 

(c) expanding the treated graphite resulted in step (b) by a thermal treatment at a temperature of above 

1 200°C. 

According to a first preferred process embodiment, in step (a) the volume ratio between the acids is be- 
tween 4 sulfuric acid to 1 nitric acid. 
25 According to another advantageous embodiment, in step (a) a small amount of an inorganic oxidizing agent 

is incorporated, preferably chromium oxide. 

According to another preferred embodiment, in step (b), said washing is carried out by a solution of mag- 
nesium ions, the most preferred species being the use of magnesium ions under the form of magnesium salts, 
most preferably magnesium sulfate, which has preferably a concentration in the range of 10% to 35% by weight. 
30 According to another particularly advantageous embodiment, after washing the treated graphite has a pH 

in the range of 6.5 to 6.9. 

According to another preferred embodiment, in step (c) the thermal treatment is carried out at a temper- 
ature of at least 1200°C, and preferably at about 1600°C. 

According to another preferred feature said thermal treatment is carried out in a flame resulting from a 
35 mixture of oxygen and butane. 

In another preferred embodiment, said expanded graphite is produced in-situ near the envisaged area for 
its direct use and preferably spread by the combustion gases onto the desired surfaces containing the liquid 
to be absorbed. 

According to a third aspect the invention relates to the use of the expanded graphite as defined above or 
40 obtained by the above process, in the form of granules, of a filter medium, notably for absorbing petroleum 
products from water or solid surfaces, mineral acids from a liquid or solid surface. 

DETAILED DESCRIPTION OF THE INVENTION 

45 The broad aspects and embodiments of the invention have been set forth above. A more detailed descrip- 

tion of the invention is set forth herebelow with regard to the process of preparation of the expanded graphite, 
with respect to the expanded graphite itself, and with its use. 

The first step consists in the treatment of the graphite, in the form of lump or natural crystalline flake, with 
a mixture of concentrated solutions of nitric acid and sulfuric acid. The ratio between sulfuric acid and nitric 
so acid may be selected in a 

The first step consists in the treatment of the graphite, in the form of lump or natural crystalline flake, with 
a mixture of concentrated solutions of nitric acid and sulfuric acid. The ratio between sulfuric acid and nitric 
acid may be selected in a broad range, a preferred volume ratio between the acids being between 4 sulfuric 
to 1 nitric. This treatment is generally carried out at room temperature for a short period, in the order of a few 
55 minutes. Optionally, a small amount of an additional inorganic oxidizing r agent, such as chromium oxide, may 
be added during this treatment. 

In the second step, th treated graphite is washed by an aqueous solution having a pH slightly above 7 
containing magnesium ions and most preferred are those containing magn sium sulfate, the washing being 
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continued until the acids are substantially removed and a slightly acidic pH in the range of 6 to 6.9 is reached. 
Preferred concentrations of the washing solutions, with a magnesium sulfate as main constituent are those in 
the range of 10% to 35% by weight. Instead of a solution of magnesium sulfate, it is also possible to use any 
brine containing magnesium ions or even sea-water, keeping in mind that a higher alkalinity will decrease the 
5 amounts of aqueous solutions to be used for washing. 

In the last step, the above treated graphite is heated at a temperature of at least 1200°C and preferably 
at about 1600°C. The easiest way to heat the treated graphite, is by its burning in a flame resulting from a mix- 
ture of oxygen and butane. 

The expanded graphite of the invention has advantageously a content in magnesium ions comprised be- 
w tween 3% and 30% by weight. 

Futhermore the bulk density of the expanded graphite of the invention is advantageously of at least 3g/ml. 

According to a most preferred embodiment, the novel form of expanded graphite is produced at site, near 
the envisaged place for its direct use, wherein the treated graphite, is heated at a temperature above 1200°C, 
producing the expanded structure of graphite. An advantage of this embodiment using a flame of a liquid or 
15 gaseous fuel, will enable at the same time to spread the expanded graphite by the combustion gases onto the 
desired surface where it has to absorb the liquid material. 

The expanded graphite according to the present invention is most useful for absorption of petroleum prod- 
ucts from water surfaces, such as oceans, seas, lakes or rivers, due to any spillages from tankers conveying 
such materials. 

20 In addition to the above property, the expanded graphite absorbs only a small amount of water, floating 

on the surface. 

The petrol from the loaded expanded graphite can be easily removed by mechanical means and even by 
squeezing. 

In case that a complete recovery is required, such as for an expensive liquid, one may even conceive to 
25 use a solvent extraction operation. 

In addition to the above use, the expanded graphite may be used for a large number of other uses, such 

as: 

removal of oils from industrial waste water, removal of oils from emulsions, 

removal of oils from a solid surface such as roads, removal of mineral acids, etc. 
30 The expanded graphite can be spread on the surface of the water in the form of granules, or any other 

particulate form. It can also be used in pillows, blankets or booms which are permeable to water and contain 

the expanded graphite particles. 

The expanded graphite according to the present invention may also be utilized as a filter medium. This 

filter medium can be obtained by a slight pressing the particles of expanded graphite at a pressure of about 5 
35 kg/sq.cm into a layered sheet. 

The invention will be hereafter illustrated by a number of Examples, being understood that no limitation 

should be deduced therefrom, the Examples being presented only for a better understanding of the invention 

as given in the above description and covered by the appended claims. In the Examples, the concentrations 

are given by weight, unless otherwise mentioned. 

40 

EXAMPLE 1 

Flakes of natural graphite having a particles size in the range of between 0.3 to 0.8 mm, were treated at 
room temperature with a mixture of concentrated sulfuric acid (96%) and nitric acid (60%), at a volume ratio 
45 of4:1. 

The above treated graphite particles were filtered out and washed until a pH of 6.5 was obtained using 
the following solutions: 

(a) tap water; 

(b) an aqueous solution of magnesium sulfate (16%); 

50 (c) an aqueous solution of magnesium sulfate (20 %) and 

(d) a solution of sea water. 

The washed treated flakes were dried and heated in a flame produced by a mixture of oxygen-butane, at 
a temperature of 1600°C for about 10 minutes. 

An amount of 100 g of the resulted washed expanded graphite particles, were used for absorption of ker- 
55 osene and the following results w re obtained: 
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Solution used 
in washing 


Volume of 
washing (1) 


Weight increase of 
graphite (%) 


Bulk density (g/ml) 


Kerosine sorbed (g/g) 


tap water 


5.0 


0 


3.75 


33.7 


MgS0 4 16% 


2.5 


38.5 


5.6 


59.3 


MgS0 4 20% 


2.5 


50.0 


6.0 


61.2 


Sea water 


3.5 


33.5 


5.25 


53.7 



10 

The magnesium content of the expanded graphite is of about 10% by weight. 
EXAMPLE 2 

*5 The same graphite flakes as in Example 1, were treated with the same mixture of acids and neutralized 

by a slury of magnesium hydroxide to a full neutralization and further washed by tap water. 

The resulted mixture was thermally treated as in Example 1 and the following results were obtained. 



Volume of tap water used (1) 


Bulk density (g/ml) 


Kerosine sorbed (g/g) 


2.5 


3.75 


54.3 



The magnesium content of the expanded graphite is of about 12% by weight. 



25 EXAMPLE 3 

Flakes of a commercially available graphite were treated as in Example 1 , with a mixture of acids, washed 



with various aqueous solutions and thermally treated. 
The resulted products gave the following results: 



Solution used 
in washing 


Volume of 
washing (1) 


Bulk density (g/l) 


Weight increase of 
graphite (%) 


Kerosine sorbed (g/g) 


tap water 


5.0 


4.1 




31.1 


Sea water 


3.5 


3.75 


18.7 


38.6 


MgS0 4 4% 


3.2 


4.7 


27.3 


44.1 


MgS0 4 8% 


3.2 


4.25 


32.6 


53.3 



The magnesium content of the expanded graphite is of about 18% by weight. 
EXAMPLE 4 



The product obtained in Example 1 , after washing with the solution of 20% MgS0 4 and thermally treated, 
was used for absorbing different mineral acids and the results expressed in g sorbed of mineral acid per g of 
the expanded graphite were as follows: 



The mineral acid 


Sorption capacity (g/g) 


Sulfuric acid (98%) 


104.0 


Phosphoric acid (65%) 


67.3 


Hydrochloric acid (33%) 


24.8 
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Claims 

1 - A novel structural form of expanded graphite which possesses a relatively high bulk density and contains 
magnesium ions, which may be prepared by a process comprising the steps of: 
5 (a) treating a natural graphite with a mixture of concentrated solutions of nitric acid and sulfuric acid, 

(b) washing the treated graphite by an aqueous solution containing magnesium ions, and 

(c) expanding the treated graphite resulted in step (b) by a thermal treatment at a temperature of above 
1200°C. 

2- An expanded graphite according to claim 1, wherein the content in magnesium ions is at least 3% and 
10 preferably is ranging between 3 % and 30 % expressed in weight of magnesium ions with regard to the weight 

of expanded graphite. 

3- The expanded graphite of claim 1 or 2 having a bulk density of at least 3 g/ml. 

4 The expanded graphite according to anyone of claims 1 to 3 wherein in step (a) the volume ratio between 
the acids is between 4 sulfuric acid to 1 nitric acid. 
15 5- The expanding acid according to anyone of claims 1 to 4 wherein in step (a) a small amount of an inor- 

ganic oxidizing agent is incorporated, preferably chromium oxide. 

6- The expanded graphite according to anyone of claims 1 to 5 wherein in step (b) said washing is carried 
out by a solution of magnesium ions, preferably magnesium sulfate, most preferably in a concentration range 
of 10% to 35% by weight. 

20 7- The expanded graphite according to anyone of claims 1 to 6 wherein after washing the treated graphite 

has a pH in the range of 6.5 to 6.9. 

8- The expanded graphite according to anyone of claims 1 to 7 wherein in step (c) the thermal treatment 
is carried out at a temperature of at least 1200°C and preferably at about 1600°C. 

9- The expanded graphite according to claim 8 wherein said thermal treatment is carried out in a flame 
25 resulting from a mixture of oxygen and butane. 

11- The expanded graphite according to two claims 9 or 10 wherein said expanded graphite is spread by 
the combustion gases onto the desired surface containing the liquid to be absorbed. 

12- A process of preparation of expanded graphite having a relatively high bulk density and containing mag- 
nesium ions, comprising the steps of: 

30 (a) treating a natural graphite with a mixture of concentrate solutions of nitric acid and sulfuric acid, 

(b) washing the treated graphite by an aqueous solution containing magnesium ions, and 

(c) expanding the treated graphite resulted in step (b) by a thermal treatment at a temperature of above 
1 200°C. 

13- The process of claim 12 wherein, in step (a) the volume ratio between the acids is between 4 sulfuric 
35 acids to 1 nitric acid. 

14- The process of claim 12 or 13, wherein in step (a) a small amount of an inorganic oxidizing agent is 
incorporated, preferably chromium oxide. 

15- The process according to anyone of claims 12 to 14, wherein in step (b) said washing is carried out 
by a solution of magnesium ions, preferably magnesium sulfate, most preferably in a concentration range of 

40 10% to 35% by weight. 

16- The process according to anyone of claims 12 to 15, wherein after washing the treated graphite has 
a pH in the range of 6.5 to 6.9. 

17- The process according to anyone of claims 12 to 16, wherein in step (c) the thermal treatment is carried 
out at a temperature of at least 1200°C and preferably at about 1 600°C. 

45 18- The process according to anyone of claims 12 to 17, wherein said thermal treatment is carried out in 

a flame resulting from a mixture of oxygen and butane. 

19- The process according to anyone of claims 12 to 18, wherein said expanded graphite is produced in- 
situ near the envisaged area for its direct use and preferably is spread by the combustion gases onto the de- 
sired surface containing the liquid to be absorbed. 

50 20- Use of the expanded graphite as defined in anyone of claims 1 to 11, or as prepared according to the 

process according to anyone of claims 12 to 19 in the form of granules, of a filter medium, notably for absorbing 
petroleum products from water or solid surfaces, mineral acids from a liquid or solid surface. 
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(g) Expandable graphite compositions for absorption of liquids and method for the manufacture thereof. 

(57) A structural form of expanded graphite which 
possesses a relatively high bulk density is 
obtained by treating a natural graphite with a 
mixture of nitric acid and sulfuric acid, washing 
the treated graphite by an aqueous solution 
containing magnesium ions, followed by a ther- 
mal treatment at a temperature of above 1200°C. 
A preferred aqueous solution to be used in said 
washing will contain magnesium sulfate, the 
resulted product having a pH in the range of 6.5 
to 6.9. A preferred thermal treatment is in a 
flame resulted from a mixture of butane and 
oxygen. In this manner, the expanded graphite 
will be produced in-situ near the envisaged area 
for its use, being spread thereon by the com- 
bustion gases. The structural form of expanded 
graphite has the property to absorb relatively 
large amounts of liquid materials, such as pet- 
roleum products and strong mineral acids. 
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